Introduction: Diabetes is a disease that constitutes multiple sources of free radicals, thus oxidative stress is expected to have a double impact. Since oxidative stress is mediated by hyperglycemia-induced generation of free radical, it is supposed that compounds with hypoglycemic and antioxidative properties would be useful antidiabetic agents. Our study investigated the use of V. amygdalina as a potential hypoglycemic and antioxidative agent by testing its effect on the antioxidant biomarkers and lipid peroxidation. Methods: Dried leaves of V. amgydalina were extracted for 48 hrs and freeze dried. Acute toxicity was investigated in 25 rats. Thirty six rabbits were divided into 6 groups: groups I -III were normal; diabetes was induced in groups (IV -VI). Groups I and IV were normal and diabetic controls respectively. The animals were treated with aqueous leaf extract of V. amygdalina. Blood samples were collected and used for the study. Results: The reduction in body weight in the diabetic groups was regained following administration of the extract of V. amgydalina. The extract is considered safe and had little or no effect on blood glucose, MDA and GSH levels of the normal rabbits. Extract significantly reduced glucose and MDA concentrations but increased GSH levels in the diabetic rabbits. Similarly, the extract had no effect on the activities of SOD, CAT and GPx in normal rabbits, however in diabetic rabbits, the enzymes activities increased dose-dependently. Conclusion: This finding provides basis for the use of V. amgydalina as potential antidiabetic antioxidant agent and may be useful for its hypoglycemic property.
INTRODUCTION
With oxidative stress linked to metabolic or vascular disorder, diabetes becomes the best disease for studying the consequences of oxidative stress and its treatment. [1] Diabetes mellitus is a multifactorial disease characterized by hyperglycemia, [2, 3] lipoprotein abnormalities, [4] raised basal metabolic rate, [5] defect in reactive oxygen species scavenging enzymes [6] and high oxidative stress induced by the generation of highly reactive free radicals which are also involved in pancreatic destruction. [2, 7] Insufficient removal of these free radicals can lead to oxidative damage to membranes; enhance susceptibility to lipid peroxidation, enzyme inactivation and nucleic acid damage. [8, 6] Since oxidative stress is mediated by hyperglycemiainduced generation of free radical, it became clear that activities. [10, 11, 12] It has been reported that the beneficial effect of V. amygdalina may be attributed at least in part to its antioxidant action. [13] 
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MATERIALS AND METHODS
Collection and preparation of the crude extract of V. amygdalina
Fresh leaves of V. amygdalina were collected in December, 2006 in the early hours of the morning from Tanke district of Kwara State, Nigeria and identified by Mr. G. Ibhanesebhor of the Forestry Research Institute of Nigeria (FRIN) Ibadan, Nigeria. A voucher specimen has been deposited in the FRIN herbarium (no. -FHI 104046). The plant material dried at room temperature for 4 days was powdered and extracted into water (pH 5.63) using soxhlet extractor for 48 hours. The aqueous extract was freeze dried to obtain a yield of 68.74 g (38.19 %) from 180 g of the powdered plant material. The crude extract residue was stored in impervious amber bottle until used.
Chemicals and Instrument
All reagents were of analytical grade and purchased from sigma chemical company, unless otherwise stated. Glacial acetic acid, sodium chloride were from British Drug Houses (BDH), riboflavin was a donation from Chemiron International, Lagos Nigeria. Aluminum foil lined box fitted with 15 W fluorescent lamp was fabricated in our laboratory. The UV-Visible spectrophotometer was Agilent 8453 (Serial No. CN02500898; Product No. G1103A; Agilent technologies, Hewlett-Packard, Germany). The absorbences were recorded by Agilent ChemStation software (Agilent, Palo Alto, USA) running on a Compaq compatible personal computer (HewlettPackard, Obregon, Mexico) with an Intel Pentium processor operating at 2,799 MHz under the Microsoft (Redmond, WA) Windows operating environment. The ChemStation also consists of an interface bus for data acquisition and a pinwriter HP DeskJet 5652 printer.
Animals
Twenty five Sprague Dawley rats of either sex (180-250 g) were used for the acute toxicity study, thirty six adult rabbits of either sex weighing between 1.6 and 2.5 kg were used for the oxidative stress study. The animals were cared for and used in accordance with the Institute of Laboratory Animal Research (ILAR) guidelines for care and use of animals in experimental studies.
[14] They were housed in a well-ventilated Laboratory Animal Centre of the College of Medicine of the University of Lagos, Nigeria under standard laboratory condition (12:12 h dark/light cycle). The animals were allowed to acclimatize for 3 weeks during which they had free access to commercial pellet diet (Pfizer Feeds, Ibadan, Nigeria, Plc.) and water ad libitium.
Acute toxicity
The acute toxicity was studied according to the method of Organization for Economic Co-operation and Development (OECD) guidelines.
[15] The rats were randomly shared into one control and four test groups of 5 rats per group, and were fasted for 18 hours before experimentation. Four doses of the crude extract (5, 10, 15 and 20 g/kg body weight) were administered orally by gastric probe; the control group received distilled water. Mortality was determined 24 hours after administration and the LD 50 calculated. The animals were further observed for 2 weeks for possible delayed toxicity.
Induction of experimental diabetes
After the acclimatization period, diabetes was induced by a single intravenous injection of freshly prepared alloxan (150 mg/kg body weight) in normal saline through the marginal ear vein. Control rabbits received a similar volume of normal saline. Diabetes was evident within 3 days after administration of alloxan. The rabbits with blood glucose level of above 250 mg/dl as well as polydipsia, polyuria, glycosuria (indicated by Benedict's test for urine) were considered diabetic and were included in the study.
Extract administration and blood collection
Fasted rabbits (12 h, 18 diabetic + 18 normal) were divided equally into 6 groups. Treatment with the extract started on the 3 rd day of alloxan treatment and was continued daily to the 10 th day. The extract was given orally as a single dose in the morning. Group I (normal control) received distilled water, groups II and III were given 100 or 400 mg/kg body weight extract respectively. Group IV (diabetic control) received distilled water while groups V and VI (diabetic treated) received extract as in groups II and III respectively. Blood sample, 8 ml, was collected from the retro orbital plexus of each animal after extract treatment. Three millitres of the blood was put into potassium oxalate and sodium fluoride bottles Vol 1, Issue 3, Jul-Sep, 2011 www.antiox.org was precipitated with 2 ml, 10% trichloroacetic acid and centrifuged at 3000 g for 15 min and supernatant separated. To the supernatant was added 0.5 ml glacial acetic acid and 0.5 ml 0.33 % TBA and the mixture kept in a water bath at 97 °C for 45 min, at cooling, the pink chromogen was extracted with 2 ml butanol. The absorbance of the organic layer was measured at 535 nm and the thiobarbituric acid reactive substances (TBARS) produced were estimated using MDA standard curve.
Glutathione assay
The level of glutathione was estimated according to the method of Tietze 1969 . [19] as reported by Rahman et al., 2007 . [20] The assay principle is based on the reaction of GSH with Ellman's reagent: 5, 5′-dithio-bis (2-nitrobenzoic acid), DTNB which produces a yellow derivative chromophore: 5′-thio-2-nitrobenzoic acid, (TNB) with a maximum absorbance at 412 nm. In the procedure, 0.5 ml, 0.6 % sulphosalicylic acid was added to 1 ml plasma and centrifuge at 8000 g for 10 min. The supernatant was removed using Pasteur pipette and used for the determination of total GSH. Briefly, to 0.6 ml potassium phosphate-EDTA buffer in a cuvette was added 0.1 ml sample and 0.12 ml mixture of DTNB/ GR. The cuvette and its content were allowed to stand for 30 sec and 0.06 ml NADPH was there after added. The cuvette was inverted to mix the content and absorbance taken at 412 nm within 2 min against a sample blank. The rate of formation of TNB is proportional to the concentration of GSH in the sample. The amount of GSH in the sample was determined from a standard curve.
Determination of superoxide dismutase activity
The superoxide dismutase was estimated using the photo oxidation method of [21] in erythrocyte lysate. Two millitres of the washed erythrocyte was lysed by the addition of an equal volume of ice-cold deionized water (4 o C). Mixture of chloroform, 0.3 ml and ethanol, 0.5 ml was added to precipitate hemoglobin [22] and was centrifuged at 10000 g for 25 min and the supernatant used for SOD estimation. In principle, illumination of a solution containing riboflavin and methionine under aerobic condition generates superoxide anion (O 2 -) which reduces nitroblue tetrazolium (NBT) to a blue formazan. The SOD was quantified in terms of its ability to scavenge the O 2 -thus inhibiting the reduction of NBT. In the method, the reaction mixture (2.7 ml) containing 1.17 × 10 -6 M riboflavin, 1.0 × 10 -2 M methionine, 1.67 × 10 -4 M NBT and diluted erythrocyte lysate in phosphate for blood glucose estimation, the remaining 5 ml was put into heparinized bottle, centrifuged at 3000 g for 10 min; plasma was carefully collected using Pasteur pipette and used for lipid peroxidation and protein estimation. The packed RBCs were washed 3 times with normal saline to remove the buffy coat. The washed erythrocyte was used for the antioxidant enzymes determination. The changes in body weight of the rabbits were observed throughout the treatment period.
Estimation of blood glucose
Blood glucose was estimated spectrophotometrically according to the method of [16] In principle, O-toluidine reagent condenses with aldehyde group of glucose to form an equilibrium mixture of a glycosylamine and the corresponding schiff base producing a green chromogen mixture which absorbs at a wavelength of 630 nm. In the assay, 4.5 ml of 3 % w/v trichloroacetic acid was added to each blood sample, 0.5 ml and centrifuged at 3000 g for 15 min. To 1 ml of the plasma was added 7 ml of O-toluidine reagent, mixed and placed in water bath at 100 °C for 30 min. The mixture was cooled and absorbance taken at 630 nm within 30 min. The amount of glucose per dl of blood in each sample was calculated in reference to standard glucose.
Determination of protein
Protein concentration was determined by Biuret method. [17] Seven milliliters of reaction mixture contained 0.1 ml plasma sample, 2.9 ml deionized water, and 4.0 ml Biuret reagent. For control, deionized water replaced the plasma sample. The standard mixture contained 0.25 ml 6 % bovine serum albumin. The mixtures were left to stand at 25 °C for 30 min and the absorbances were measured at 540 nm. An increasing intensity of violet color was related to higher percentage of protein concentration present in the reaction, calculated as AT: 30/AS: 30 × conc. of S. Where, AT: 30 is the absorbance of plasma sample, AS: 30 the absorbance of standard at 30 min reaction time, and S is the standard.
Antioxidant parameters
Lipid peroxidation
Lipid peroxidation was determined by the method of Satoh 1978 . [18] The assay principle is based on the fact that malondialdehyde (MDA), a secondary product of lipid peroxidation reacts with thiobarbituric acid (TBA) in acidic medium to give a pink chromogen which is measured spectrophotometrically. One milliliter plasma Vol 1, Issue 3, Jul-Sep, 2011
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The absorbance of the colour formation due to the oxidation of the chromogen in the presence of the peroxidase was measured spectrophotometrically at 505 nm against a blank which contained no H 2 O 2 and a control which contained 1 ml of 1 mM sodium azide, an inhibitor of catalase. 
RESULTS
Normal control rabbits gained weight significantly throughout the study period. A significant decrease in body weight was observed in the diabetic control rabbit when compared to the normal rabbits (p ≤ 0.001, Figure 1 ). The alloxan mediated body weight reduction was significantly attenuated following treatment with aqueous leaf extract of V. amgydalina in a dose dependent manner (100 and 400 mg/kg b.wt). The administration of the extract (100 and 400 mg/kg b.wt) to the normal treated rabbits showed a steady increase in the body weight of the rabbits comparable to the normal control. The acute toxicity study of the extract of V. amygdalina on the rat model was considered safe and no mortality was recorded.
The levels of glucose and MDA were notably increased (p ≤ 0.001) in the alloxan diabetic control with a decrease in GSH compared to the normal control ( Table 1 ). The extract of V. amgydalina when administered to the diabetic treated rabbits significantly (p ≤ 0.05) reduced the glucose and MDA levels but increased the level of GSH. The effect was more pronounced in the diabetic group that received 400 mg/kg b. wt. of the extract. The extract buffer pH 7.8 was illuminated in an aluminum foil lined box fitted with 15 W fluorescent lamp for 15 min and colour development was monitored at 560 nm. The SOD was estimated from a standard curve of bovine SOD. Preparation without erythrocyte was used as the blank. One unit of SOD is defined as the amount of enzyme required to inhibit the rate of reduction of NBT by 50% under specified condition.
Determination of glutathione peroxidase
Glutathione peroxidase (GPx) was determined by the method of Paglia and Valentine 1967. [23] with slight modification. In this assay, GPx catalyzes the reduction of H 2 O 2 to water thus oxidizing glutathione (GSH). The oxidized glutathione (GSSG) is then reduced by glutathione reductase to GSH and NADPH to NADP +.
The rate of decreased in absorbance is directly proportional to GPx concentration and is measured at 340 nm. In the procedure, washed erythrocyte was lysed with iced-cold deionized water (4 °C). To the lysate, 0.1 ml was added 0.9 ml of 0.05 M phosphate buffer containing 0.005 M of EDTA, 0.1 ml of 0.0084 M NADPH, 0.01 ml of glutathione reductase and 0.1 ml of 0.15 M GSH. The mixture was placed in a cuvette and enzymatic reaction was initiated by addition of 0.1 ml of 0.0022 M H 2 O 2; a change in absorbance was recorded at 340 nm for 4 min against a blank. The change in A 340 due to NADPH oxidation was monitored and is indicative of GPx activity. Glutathione peroxidase activity was quantified using the relationship: In which 0.00622 μM -1 cm -1 is the extinction coefficient for NADPH at 340 nm, d is the path length of the cuvette, TV is the total volume and SV is the sample volume.
Determination of catalase activity
The catalase activity was determined based on the disappearance of added hydrogen peroxide in the presence of enzyme source. The assay was performed based on the method of [24] in erythrocyte lysate. An aliquot, 0.5 ml of the lysate was placed in a tube containing 0.5 ml of 1.5 mM H 2 O 2 and 1 ml of 0.01 M phosphate buffer pH 7. The reaction was stopped at 25 min by the addition of 2 ml of peroxidase reagent containing peroxidase and the chromogen (dimethoxybenzidine). Vol www.antiox.org activities of these enzymes in the diabetic control in a dose dependent fashion. There was no notable change in the activities of these enzymes in the normal group after treatment with the extract (100 and 400 mg/kg b.wt).
DISCUSSION
Hyperglycemia, the main symptom of diabetes increases the production of ROS and affects antioxidant reactions catalyzed by ROS scavenging enzymes. Alloxan-induced diabetic animals may exhibit most of the diabetic complications mediated through oxidative stress, hence valuable model for this study. Alloxan acts as a cytotoxin for β-cells of the islet of langerhans, causes diabetes by inducing cell necrosis. [25, 26] The ROS mediates the cytotoxic action leading to rapid β-cells destruction thus decreasing insulin secretion with ultimate rise in blood glucose. [25, 27] The significant loss in body weight in the diabetic control could be due to accelerated muscle proteolysis, lipolysis and excessive fluid loss. [28] The weight gain in the diabetic treated group indicates correction of body metabolism.
There is increasing evidence that oxidative stress caused by free radicals contributes to the development of diabetes mellitus. [29, 30] To elucidate the contribution of oxidative stress to the development of diabetes mellitus, we determined the effect of V. amygdalina on the level of lipid peroxidation product, malonialdehyde (MDA) which results from free radical damage to membrane components of the cells. [31] The mean level of MDA increased significantly (p ≤ 0.05) in the diabetic control compared to the normal group indicating increased oxidative stress in the diabetic rabbits. The significant had little or no effect on the blood glucose, MDA and GSH levels of the normal treated group.
The activities of the enzymes, superoxide dismutase (SOD), glutathione peroxidase (GPx), and catalase (CAT) in the normal or diabetic rabbits are presented in Table 2 . These enzymes showed significant (p ≤ 0.001) decrease in their mean activities in the alloxan-induced diabetic control as compared to the normal control. Treatment with the extract of V. amygdalina elevated the mean Figure 1 . Weight of rabbits before and after V. amygdalina aqueous leaf extract administration. Values are expressed as mean ± SD, n = 5. Values were significant at P ≤ 0.05, indicates point of extract administration. Table 1 . The mean level of glucose, malondialdehyde (MDA) and glutathione (GSH) in normal or alloxan-induced diabetic rabbits after administration of the aqueous leaf extract of V. amgydalina.
Groups (Dose mg/kg)
Glucose mg/dl MDA nmol/ml GSH g/mg protein -results in oxidative stress. [1, 40, 41] There are conflicting reports in the literature concerning the activities of the oxidative stress enzymes in diabetes mellitus. While some authors reported decrease in activities, [3, 42, 43] others showed increase in activities of these enzymes. [44, 45, 46] These discrepancies may be due to tissue specificity, technique used in assessing oxidative stress, duration or severity of the disease. In our study, SOD activity was significantly reduced in the diabetic control compared to the nondiabetic control and may be attributed to hyperglycemia inactivating the enzyme by glycation. [1, 47] The aqueous extract of V. amygdalina increased the activity of SOD dose dependently thus attenuating oxidative damage probably by preventing the potential glycation of the enzyme and an ultimate decrease in the enzyme activity.
Glutathione peroxidase is found in cytoplasmic and mitochondrial fractions of cells and plays a primary role in minimizing oxidative damage. It catalyzes the reduction of hydrogen peroxide and hydroperoxides formed from fatty acids to water thereby effectively removing toxic peroxides from living cells thus inhibiting the formation of free radicals. Oxidative damage to haemoglobin and cell membrane has been reported to reduce the activity of glutathione peroxidase. [48, 49] Similarly in our study, there was reduction in the activity of this enzyme. The significant reduction (p ≤ 0.05) in the GPx activities in the diabetic control compared to either the normal control or diabetic treated may be due to glycation of the enzyme and inactivation of the enzymes by reactive oxygen specie, H 2 O 2 . Oxidation of glutathione by H 2 O 2 and subsequent interaction of the active protein tyrosine phosphatase decreased in the level of MDA in normal range in a dose dependent manner after treatment with the extract of V. amygdalina suggests amelioration of the oxidative stress by the extract. This result coincides with the in-vitro study of [13] who reported antiperoxidative effect of the water or ethanol extract of the leaves of V. amygdalina in the rat microsomal fraction Glutathione (GSH) is a non-enzymatic antioxidant present in millimolar concentrations in cells. [32, 33] It plays the role of an intracellular radical scavenger and as a co-substrate for peroxide detoxification by glutathione peroxidases. [32, 34, 35] Our study agreed with the reports of significant decreased in the plasma level of reduced glutathione in diabetes. [36, 37, 38] In hyperglycemia, glucose is preferentially used in polyol pathway, [39] consuming NADPH necessary for GSH regeneration by the GSH reductase thus resulting in GSH depletion and rendering the cell more susceptible to oxidative stress. From our study, hyperglycaemia in the alloxan induced-diabetic rabbits may have indirectly caused the depletion of GSH, however, administration of the aqueous extract of V. amygdalina to these groups increased the plasma level of GSH and significantly reduced blood glucose levels dose dependently. This finding indicates that polyol pathway may have been altered as a result of the decreased in the level of blood glucose thus increasing the biosynthesis of GSH. The fact that V. amygdalina reduced blood glucose level in diabetic rabbits had been previously reported. [10] In diabetes, high level of glucose reaching the mitochondria leads to an overdrive of the electron transport chain resulting in overproduction of superoxide free radicals (O 2 -) usually scavenged by superoxide with oxidized glutathione formed mixed disulphide and resultant inactivation of the glutathione peroxidase. Catalase is a hemeprotein found in nearly all organs of living organisms and catalyzes decomposition of H 2 O 2 , a powerful and potentially harmful oxidizing agent to water and oxygen. [50] The significant reduction (p ≤ 0.05) in CAT activities in the diabetic control compared to either the normal control or diabetic treated may be due to excessive generation of superoxide anion (O 2 -) in diabetic state leading to inactivation of this enzyme as O 2 -has been shown to reduce catalase activity. [48, 51] Also increase in MDA may cause reduction in CAT activity as it can cross link with amino group of proteins to form intra and intermolecular cross-link thereby inactivating several membrane bound enzymes. [52] With the administration of the extract of V. amygdalina, there was increase in CAT activity which was comparable to the normal treated rabbits. This finding may suggest that the extract reduced the potential glycation of enzymes or they may reduce reactive oxygen free radicals and improve the activities of antioxidant enzymes.
CONCLUSION
Conclusively, there is increase free radical generation in rabbits induced with diabetes mellitus thus impairing antioxidant defense enzyme system, SOD, GPx, and CAT and increase in lipid peroxidation product. The administration of the aqueous extract of V. amygdalina significantly attenuated the impairment of these enzymes as well as increase in the level of lipid peroxidation. This finding provides basis for the use of V. amgydalina as potential antidiabetic antioxidant agent and may be useful for its hypoglycemic property.
